The present study revealed the varied frequencies of natural chromosomal abnormalities in 4 populations of Artemisia absinthium Linn. collected from different altitudes of Kashmir Himalaya. All the populations are diploid showing nϭ9 with abnormal meiotic behaviour like quadrivalent formation at diakinesis, cytomixis at early prophase-I and laggards at telophases, resulting into reduced pollen fertility. Besides the heterogeneous sized pollen grains, occasionally inter pollen channels were also observed.
Materials and methods
Meiotic studies were carried out in young floral buds fixed in Carnoy's fixative using standard acetocarmine smearing technique. Pollen fertility was estimated by their stainability in 1% glyceroacetocarmine. Well-filled and well-stained pollen grains were regarded as fertile while the shrunken and unstained pollen grains were considered as sterile.
Results and discussion
Presently meiotic studies have been made on 4 different populations covering different altitudinal ranges of Kashmir Himalaya (Table 1 ). All 4 populations are found to be diploid with nϭ9 (Figs. 1-3 ) and show various meiotic abnormalities. The meiotic abnormalities observed include multivalent formation at diakinesis, cytomixis at early prophase-I and laggard formation at telophase-I and telophase-II, resulting in reduced pollen fertility. Interestingly, there are interpopulation differences in the meiotic abnormalities (Table 2) .
At diakinesis, one quadrivalent ( Fig. 2 ) in few PMCs was observed in 2 populations viz. P-3 and P-4 (Table 1) whereas in the other 2 populations no PMC with quadrivalents was observed. However, the frequency of PMCs with quadrivalents in P-3 is less (0.80%) than that in P-4 (1.95%). In both these populations the quadrivalent observed is of open chain form that may have arisen due to shorter size of interchanged segments. The presence of such a low frequency of quadrivalents might be indicative of the cryptic type of structural heterozygosity. According to Levin (2002) , reduced pollen fertility is also as a result of structural heterozygosity. Though the species has been already worked out by researchers including Khoshoo and Sobti (1958) , Koul (1964 Koul ( , 1965 , Bhat et al. (1974) , and Kaul and Bakshi (1984) , no one has yet reported the multivalent formation in this species.
Presently, the cytomixis is reported in the 3 populations viz. P-2, P-3 and P-4, but is found to be absent in P-1. As such there is no earlier report of cytomixis in A. absinthium. Further the frequency and the number of PMCs involved in cytomixis also varies in different populations (Table  2) . It is seen that generally the cytomixis involves a varied number of PMCs (2-3) and are mostly observed at early prophase-I (Figs. 4-5 ). However no PMC with hyperploidy or hypoploidy has been observed. The phenomenon of cytomixis is referred to be due to various factors, such as the physiological (Bahl and Tyagi 1988) , temperature (Narain 1976) , stress factors coupled with genetic control (Ghanima and Talaat 2003) , and direct genetic control (Bellucci et al. 2003 , Haroun et al. 2004 . Some of the recent reports of cytomixis prevalent in plants from India include that of Lattoo et al. (2006) , Singhal et al. (2007) and Singhal and Kumar (2008) . According to some of the workers like Levan (1941) , Zheng et al. (1987) , Ghanima and Talaat (2003) and Kim et al. (2009) , cytomixis plays a major role in chromosomal diversity and speciation of taxa. As per Bhat et al. (2006) , the extra chromatin mass received by one PMC from other during cytomixis can also form micronuclei or micro pollen in the later stages. Consequent to the meiotic abnormality laggards have also been observed. Though in low frequencies, laggards were observed during T-I (Fig. 6 ) and early T-II (Fig. 7) only in the populations from P-3 (3.44% PMCs) and P-4 (5.80% PMCs) whereas in the other 2 populations no PMC has been observed with laggards. These laggards might have later on formed the micronuclei (Fig. 8) .
The post-meiotic consequences, such as reduced pollen fertility, the production of heterogeneous sized pollen grains (Fig. 10) and inter-pollen channels, are the result of the abnormalities discussed above. Hence, population P-1 shows the highest frequency of fertile pollen grains (91.81%) and population P-4 shows the lowest pollen fertility (73.21%) among the 4 populations studied. Further the inter-pollen channel-like structures are observed only in the P-4 population, with a low frequency (1.92% PMCs), and not more than 2 pollens are seen involved per group (Fig. 9) . From the above discussion it appears that there is some correlation in the frequency of meiotic abnormalities with the altitudinal distribution of the species and these might have been induced due to harsh environmental conditions.
